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THE SURFACE W .VE PROPERTIES OF U103

V B flpaon~ F Vetelino J C Field D G Morency and D I. Harmo n
Dep~ rt r.e~ t of Electrical Cngtnee~ring

University of Maine . Orono . MaIne 04473

~~~i&~t~~T . The surface acoustic wave (SAW) properties of LiI0~ are theoretically studied in e rder to eva i-
q~~te its potent ia l  for use In reL ted SAW devices. The surface wave rro perues wore obta ined by solvinc~ e

cou~’led electr omagrettc and acous t ic wave equations sub ect to the appro priate boundary o r .d~:icns . art-

ftj~ fl of the SAW velocity . piezoe iec rlc couplir.g end power flow angle  were a ~~ined as a f -ur.ct 1~~n of c. .ille-

~r~~hic orlentattor,. U103 was found to have more tha n 1.5 times the plezoelectric coupling of L~Nb0 3 , ative ly

J oW power flow angle and SAV.’ velocities in the range of 1900 rr.~ scc to 2300 rn sec.  The high piezoel n c
coupling occurr ed for 2-cut L1103 and was Independ ent of angle . The low SAW veloc i ty and high coup lir  mal € this
material at~~active for long delay lire applications .

In the last ten years ther e has been a large the point group 6. The motivation for s tudying the SAW

C’~ amount of work in the study of surface SCOuStiC wave properties was ~~ e t~ the ex rernely large plezoe ez uic
CSA ’.V~ devices and their  appl ica t ion  in microwave eng— ef f e c t  obseried —l in this materia l and hence the ~~~
ireenicc ;. A rather large nurro en of piezoelectric mat- sible use of this material in re~a ted SAW devices. Fre-

er~a s  exist  in natur e , however . or,ly a relatively few liminary exper1mer .~~1 rneasurç~~ ~nd theore ce ca l—

have been examin e d  In detail  for possible SAW app i l— culat ions have beer. perf ~~me~~ ~rnLxl0 3. The se ~~si ts

cau•on s.  There are several important propert ies which indicate that this ma te r i a l  has both large piezoelectric
one can look for in a candidate m a t e r i a l  which might  coupling ar. i a relatively low SAW velocity .
prove to be impo rtant in a device a~ p icat ion. Some of
these properties are 11) high piezoe ectr ic coupling. In the ~:esent work the SAW ~rcper :~es are ob-

~i1 :empera t ure com pe raeted  c~~st :~~ rap h1c cuts for ta m ed by sol .~ r.g the coup le: el :cma;ne:ic and ac—
which  temperature coe f f i c i en t  of the tra r.stt time is oust ic wave equat ions suo~e:t to the appropr iate ~cund-
zero , i:l ~ low loss in the s urface acoustic wav e , (lv) ary conditions. In particular the s rface w ave  ve Z.c. ty,

very low or very high SAW ve~3ciri e s . and (v) low power the piezoelectric co_ p l inc  and the pr-.s’er fi~~ ~~~ are

flow ar; u for the SAW . Depending upo n the app licat— c a l cu l e t e d  as a function of angle for all the ster.derd
g f o r ,  of the SAW device , one or more of the above cr i— crvs:alloçraphic c u t s .  Lil~~ is u-cem c . ~ a r :  tc om en

te cma should be sat is f :ed for the~~iezoelec tric mater ia l .  common SAW mateni ~ ls and a cc~~s :e  Cnp~icCt ion of
this materiel in a reiated SAW do .  ~ce is discu ssed .

Some ple zoe ie c ic ic  mat e r I a l s  have beer, studl ed ~ ’
Ic, crier to determ ine theIr possible usef ilness In SAW Theory
devi ce s .  !-~cc. .ever, only a fe~ ma ze~r f a l s  sa t i sfy  one or
mcc c -“ the above criteria . LiNOO ~~ ~s one of the most . In a plezoe ectrtc m e d i u m  the coupled ele’~~ o-
or :riy used rrate rf : 5 and exhIr~:s the hiphest ma;n et i c  and acousti c weve eq .~~: : r r s  n a , be ~~~~ en

~..e: o~~ectric coup l in g . This m erio , hc~ _~~~~~~~, pos— as .
sesses  a h i g h  t e m p e r a t u r e  coeff ic ient  of de ay .  ~ r ly
; .arur and TC J2 possess te rrc pe ratcc e com pensated cutS . uJ — C — ~~~~~~~~~~~~~ = 0

— 
For app: icat for is re~ ui:irg tem pe ratu r e stabIlity suc h as ~ ~~2 ij kL ôx 1~x , ekl , tx ~ :~ ]
SAW er.cc~~ers s-id decc ~ders~ quar tz is used . }~oweve r ,
th e  :Ie ::eiectric coup l in g  of qu a r t :  is aocut  1 ‘30th and 2 

(1)

f the ro~.pl~n; Ir.  UN bO 3 while the co:pi ing  of Te0 2 ~ e 
0 U

k

C..) ah o.,: ~.i-. t . e  coup l I ng  in quartz . Zompcs lte st~~ctureS iki ‘ x •X 
Lik f ” x 0

• ~~~~ been used to sat is fy  m e  tem p e r a ture compen— i~ 
X~~

I I.  s.± tc : r  cr i te r ion but the f ab rj ca t in r. ;:oblenc s are more w e e e p Is ‘
~~~ d~ t~ i k 1 1 2 3 u the d is—

invr. .e~~. Fo long de .a v  lines :tam.. :}. uer .ne niium ox— p ~~~~ ‘~r cc’- e x Cc - _ la coc’d
:ca ’ .. s _ s :  i . e  to ~:s no.. t f v e . .  ms S.,\’i ve,n:itv . ,he . 

-

I I  C, , • ~he stic c t ~~ t ten s or :  e . . , t e p lero—

~ v s “ a  i~ l is hov e e ore th that of e,.s~~.ic ~e s s  €- ~ie  - v i t y tersor

— ..Z . .. •
~~~~
. and ~~~, the sca~a: potential. r tic .- : . - abo ve the plezO

elect ric :~~ .ic n . t h€ pot€nt i ~t i s~~t.: ~r . . ~ Lap lace
’ s eç-a It Is the purpu re of the pres ’nt p.~ per to tnec rc tI — uation .

~~~~ 

-‘ .
~~ 

c a . n u L ~te t h u  s ,eoo  wave vo.:city , the pte ?o— 2
“ - c - ’  so c.; .c.~ a n d  ~~~ power flow’ angle for ~~lC~ in V ~ ~ 0 . (2)

:a ,~ ci: ~~ : c C t i c f l 5 . ~ “'~~S cc c’ n i  c r y— If equetlor .S 1) end 2) are a r .v ~~d :r .  I ta r : ~~~~ s ,~~~~

ic -~ h. ’. a  ~ stmic t . . e -  ii’,. belcnq s tO j ect to the ccr ,~ is:.~ t hat t . • str S3 .‘a-~ sr a or. the

s~. “ of S s -‘ i. a— J s C a

a a rh  L’r .r . , r t  . .~r “ 5 — 2 8 1 6 .  ~~~~~~~~~~~~~~~ the ~A~\ veloci ty  m y  b.~
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\‘ .B.lipson .

a piezoelectric subst rate w Ith e rriassless ircfi ritely thin The variaUon of the surface wave velocity , the

corcf ...:tor on the sur fa c e .  ThIs rr.ay b~ reasoned as piezoelectslc coupling and the cov.er flow angle is pre—
fobc ,ws . If there v a t  no change lit th~ velocity , there 5eflt~~ for sIx s t.anderd crystallo-~n~ phic cuts in
wo uld be no interaction between th e conductor and the Figure 1. The cuts ha’.’e beer. cor,r.ected so that there
s u- f a ce  wave. It Is ther. cc ric]uied that an electrode is a continuous varl~ tior, for the quar~tit ies of ~nterest.
corfiguration Lavtng tangent ia l eleo tric fields cO the The values for the Z type cuts , i .e . • 2—cut . Z—ax is
s n f - c e  would i.~ - • Ir 1 effect in surf~ ct wave cenera- boule , and Z-axi s cylinder are not show n. b_ t ri.ay be de-

tior.. 1-jowever . ii th loc ity cha nge was significant duced from Figure 1. Because of the hexagonal syncme-
ta,e € :~~~~ -:.~~- — ~ 

_ ‘- f ac e ,‘e interact iOn s hc.cib be great— try of the 1.1103 lattice there Is no variaticr. ix-. SAW pro—

er . Mathematically , plezoelectric coupling as zneae- perties over any of these cuts . The V C1~ CC for the SAW

ure d in. terms of veloc -~~ 
change as follows , properties of Z—cut are those of X and Y-axis cylinder

at 0 • for Z-axis boule they are those of X and Y—cutat
V —V0 90 while for Z-exis cylinder they are those of X and Y-

v v ~~ axis boule at 90

whe e 
Table L Maximum Liv/v arid maximum and minimum SAW

velocities for various piezoelectric materials.
v velocity of a surface v.’ave on a free surface

- ~, 
Maximum Mthth’iurs Maximum

v velocity of the surface wave with an ~~~~
- 

Material nv/v x10~
2 Vel (M/sec) Vel (M/sec)

f~cite ly thin massiess conductor on the s urface . UI03
5 4.34 1904 2258

Cbvtously , a material which has a hiçh value of t v/v LiNbO
3
b 2.8 3318 4000

relative tc other piezoelectric materials indicates  a si~ LITS O b .87 3110 3390
r,I.:carct ~n:eractior. oetweer, the conductor eric the sur— 3
face wav e and hence substant ial plezoe iec b’ic coupling. B1

12
Ge0

20
C .80 1623 1834

~~~aO d 66 3173 3475
The power flow an:le may be obtained by evaluat- 2

iri~ t he complex ncechar,Icai and electrical power coin — Qua rtz b •fl 3175 3840
porients . The correaporid:n; angle betw een the average T ~ 

b 02 825 2028
e!ect .’-omechar,ical power flow ’ and the dL-ectaor. of pro- e 2
p-agata on is de fined as the power flow ancle . Both the a

• / poas e: flow encie and its rate of change along a cry stal— present work
lographic Cut chould be quite low . bR f r n c e  2

P,esulta arid Discussions 
CReferenc e 22
d

Tim surface wave velocity , the piezoe lectr ic co— Reference

• upl:rc _ cmd the Power flow a~~;ie were calculated by the The most attractive cut in U103 for possible SAW
computer progra m ce . - :Opec for L.i~~aC ’2 .  The exPer—

• appl ications is Z—c ut . The piezoelectric coup~inc re-
mme rt ~ l data for the e.:st~c con s tants and the piezo— ac hes its maximum value and remains constant througi’.—
e .e :ux c  constants v. ere cm-t-ainec f rom t..e work of

e s h~~
6 w hile the dielectr ic constants were obtained 

out the cut . The power flow angle is not too high and

17 its corresponding rate of change along this cut is zero.
front Lw wor k of a~arner et al. oven though the SAV~ ve loc It) is quite large for 2—cut

~ f”•~ 
in comparison to other Cuts in U103. this velocity is

~ to still rather low compared to the SAW veloc ities of many
of the commonly used SAW materials.

-eo ’ ______ 

1.1103 Is compared tc some of the other SAW mat-

~~~~~~ erials In Table 1. In particular the rir~imum and max—
• 0.05 iir..irr. SAW velocities and the maximum piezoelectriC

coupling are presented for various materials. U103
possesses the highest plezoeiec t’ic coupling of the mat—

0.0’ “s...’. 
er iels listed . Ir. fact its coupling is more then 1.5

- .  ‘ times the coupling in L NbC 3 whIch po ssesses the h i gh—

~ 
est coupling of the com::~~n1y used SAW materials. The

a — SAW velocities in 1.1103 are quite low end only slightly

2040 
higher than those occurring in Bt 12 Ge020 which is a
materiel commonl y used in long delay lines . 

__ 

~ ~~~ ~€.~ir,tte possibi l Iti es fo r dev ice appli-

.,$~~‘ 
oj is x a ~~sx6 cw, x 5~asa ~~~~ 

ca tioris. Its high coupling plus relatively low SAW

- , .. , • veb~~1ty n~. ke It an excel lent cand idat e materiel for
e I. ~~ ‘ .: - n o r . ,,. the s-A, veloc lty, -.v v and

- ‘ , long delay lInes . The fact that there is no variatior. in
flo w ang le a i s  — -a a l ,  ; Ic (tut i I.

- ., • . ,, t ie  surface w ave propert ies for Z—cu t ,.il. ~~~~ C

Ix L. cu (~ . 1 ~ a > and ‘ ‘. s .. ~~ li nne C ~.
—

f i : ,c tc l i  fac1h~ate the delay line desi gn . rur ... ,~ cx-
e x : s  Scul.’ at ). and ‘I Cut , 9 0 and ~,- - ,ax: s cy l :nd er at ntis ! work w ouLd deter minC the u~ef~1i’.e5I of this
I’- a:; -m ’: S I’ ,!e , 9(~

r , aO

- ~~~~~~ 
..c ,~~~‘., , .
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iru’ ten s! for other SAW dev ice s ~ch as f i l t e r s  • re— Lelt . ‘~‘Oi . 12 • pp. 16 - — 19 ~-~ i
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tact that 1.110 3 is sligi.tl~ hygrcs;;~~:c .  r~.’.;r~.:~~nta 1 Harncnic ~ enera ::on .r. .“ A - ~- L .  Plays . Len .
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-~ (20 continued )

flow angle and SAW velocities in the range of 1900 rI1/ sec to 2300ia/sec. The high
. piezoelectriccoup j.jng occurred for Z-cut Li103 and was independent of angle. The

low SAW velocity and high coupling make thi s materia l attractive for long delay
line applications.
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